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(54) Method d manufacturing semiconductor device having capacitor 

(57) A platinum bottom electrode film, a dielectric 
film composed of a high permittivity dielectric material 
or a ferroelectric material, and a platinum top electrode 
film are formed on a substrate on which circuit elements 
and wiring are formed, and the platinum top electrode 
film and the dielectric film are selectively dry-etched by 
using etching gas containirig chlorine, then plasma gen* 
erated by discharging gas corrtaining fluorine is inadi- 
ated. By this method of manufacturing a semiconductor 
device Including a capacitor, there is almost no residual 
chlorine, and hence erosion of the dielectric film by 
residual chlorine is prevented. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a method of manu- 
facturing a semiconductor d»^ice having a capacitor 
using a high pennittivfty dielectric film or a ferroelectric 
film as a capacitor dielectric film, and in particular, to a 
method including a step of dry etching of the capacitor 
dielectric film. 

Recently, efforts are concentrated on development 
of a miaocomputer incorpaating a capacitor using a 
high permittivity dielectric film or a fenoelectric film, 
being effective as measures tor decreasing extraneous 
emission which is an electromagnetic noise, and a ferro- 
electric non-volatile RAM capat^le of operating at lovi^ 
voltage and writing/reading at high speed. Etching of 
these capacitor dielectric films has been done by wet 
etching as isotropic etching or non-selective ion milling. 
In these methods, however, high processing accuracy 
and high etching selectivity cannot be realized, and 
hence dry-etching technique is lately researched and 
developed intensively The etching gas used in dry- 
etching of capacitor dielectric films and electrodes is 
halogen represented by chlorine or its compound. For 
example, chlorine alone, hydrogen chloride and cartjon 
chloride have been reported. 

A conventional method of manufacturing a semi- 
conductor device is desaibed below by referring to 
drawings. Fig. 4(a). Fig. 4(b). Fig. 4(c). and Fig. 4(d) are 
sectional views for explaining the method of forming a 
capacitor included in a conventional semiconductor 
device. 

First as shown in Fig. 4(a). a platinum bottom elec- 
trode film 1. a dielectric film 2 comprised of a high per- 
mittivity dielectric film or a ferroelectric film, and a 
platinum top electrode film 3 are termed on a substrate 
4 on which a silicon oxide film is deposited. Then, using 
a photoresist film 5 as mask, the platinum top electrode 
film 3 and the dielectric film 2 are dry-etched by using 
etching gas containing chlorine, and processed into a 
shape as shown in Fig. 4(b). Finally, by dry-etching the 
platinum bottom electrode fim 1. a capacitor is formed. 

In this conventional nwnufacturing method, how- 
ever, a defect 8 may be formed in a side wall 6 of the 
dielectric film 2 as shown in Fig. 4(c). or the side wall 6 
is often degenerated into a difference substance 9 from 
the dielectric. When such state appears, short circuit of 
capacitor a increase of leakage current occurs, and the 
function as the capacitor is tost in an extreme case. 

The cause of appearance of such phenomenon 
may be considered as toltows. On the side walls 6 of the 
platinum top electrode fim 3 and the dielectric film 2 
which are dry-etched, and on the surface 7 of the plati- 
num bottom electrode film 1 which is a9X>S6d. atoms, 
ions or radicals of chlaine generated by decomposition 
of the etching gas due to discharge are massively 
deposited. These chlorine atoms, tons or radicals easily 
react with moisture to form an acidic aqueous solution. 



that is. hydrochloric acid. The side wall 6 of the dielectric 
film. 2 composed of a dielectric oxide violently reacts 
with this hydrochtoric acid, and the dielectric film 2 is 
eroded, or degenerated into other substance 9 different 
5 from the dielectric. As a result it is considered to lead to 
short circuit of capacitor, increase of leakage cun-ent. or 
toss of function as capacitor. 

This adsorption of nrwisture occurs always in oper- 
ation in the manufacturing process of a semteonductor 
10 de/ice such as exposure of substrate to the atmosphere 
or washing in water, and is hence inevitable. Such 
inconvenience is also noted when using bromine or 
iodine as etching gas. 

15 SUMI^ARY OF THE INVENTION 

An object of the present invention is to provide a 
method of manufactwing a semiconductor device capa- 
ble of preventing erosion of dielectric film, and sup- 
20 pressing occurrence of short circuit of capacitor and 
increase of leakage current 

According to an aspect of the invention, a method 
of manufacturing a semtoonductor device . comprises a 
step of forming a platinum bottom electrode fflm. a die- 
25 lectric film, and a platinum top electrode fHm on a sub- 
strate on whteh circuit elements and wiring are termed, 
a step of dry-etching selectively the platinum top elec- 
trode film and the dielectric fim by using etching gas 
containing at least one of chlorine, bromine and iodine. 
30 a step of irradiating plasnrw generated by discharging 
gas containing fluorine after the step of dry-etching, and 
a step of etching the platinum bottom electrode film. 

According to other aspect of the invention, a 
method of manufacturing a semiconductor device oom- 
35 prises a step of forming a platinum bottom electrode 
film, a dielectric film, and a platinum top electrode fim 
on a subsfrate on whrich circuit eilements and wiring are 
formed, a step of dry-etching selectively the platinum 
top electrode film and the dielectric fim by using etching 
40 gas containing at least one of chlorine, bromine and 
todine. a step of heating the substrate after the step of 
dry-etching, and a step of etching the platinum bottom 
electrode film. 

By the plasma irradiating or heating process after 
<5 dry-etching, decorrpositton products of the etching gas 
containing chlorine, bromine or todine depositing on the 
side wall of the dielectric film or on the surface of the 
platinum bottom electrode film at the time of dry-etching 
are extremely deaeased. ft hence suppresses occur- 
so rence of defect or degeneration of the dielectric fim 
which is induced by reacting the dielectric film with the 
add formed by reaction of these decomposition prod- 
ucts with moisture dielectric. Therefore occurrence of 
short circuit in capacitor and increase of leakage cunent 
55 may be extremely sippressed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1(a). Fig. 1(b). and Fig, 1(c) are sectional views 
for explaining a method of forniing a capacitor incorpo- 
rated in a semiconductor device in a first embodiment of s 
the invention. 

Fig. 2(a) and Fig. 2(b) are sectional views for 
explaining a method of forming a capacitor incorporated 
in a semiconductor device in a second embodiment of 
the invention. 

Fig. 3 is a comparative diagram of residual chlorine 
amount on the substrate in the first and second embod- 
iments of the invention and a prior art. 

Fig. 4(a), Fig. 4(b). Fig. 4(c). and Fig. 4(d) are sec- 
tional views for explaining a conventional method of is 
forming a capacitor incorporated in a semiconductor 
device. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 
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The first embodiment of the invention is described 
. below while referring to Fig. i(a). Fig. 1(b). and Fig. 
1(c). Same parts as in the prior art shown in Fig. 4(a). 
P»g ^b). Fig. 4(c). and Fig. 4(d) are identified with same 25 
reference numerals. 

First same as in the conventional method, a plati- 
num bottom electrode film l. a dielectric film 2 com- 
posed of a high permittivity dieiedric material or a 
ferroelectric material, and a platinum top electrode film so 
3 are formed on a substrate 4 on which circuit elements, 
vwring and an insulating film are formed. Next, as shown 
in Fig. 1(a). using an etching gas containing chlorine, 
with a photoresist film (not shown) as mask, the plati- 
num top elecfrode film 3 and the dielectric film 2 are 35 
selectively dry-etched. Consequently, as shown in Fig. 
1 (b). plasma generated by discharging cart>on tetraf bo- 
ride gas is inadiated to the substrate 4. At this time, the 
fluorine plasma obtained by discharge under the irradi- 
ating conditions of carbon tetrafluoride of 50 seem. 4o 
pressure of 1 Torr and RF power of 100 W foad is irradi- 
ated for 30 seconds. Then the platinum bottom elec- 
trode film 1 is selectively dry-etched, and the capacitor 
are formed into a specified shape. 

In thus manufactured semfconductor device, defect 4$ 
and degeneration in the side wall 6 of the capacitor 
observed in the prior art were hardly noted. As a result 
of investigation into the rate of occun-ence of short cir- 
cuits in this semiconductor device, a short drcurt was 
observed only in one out of 50 pieces, and the short dr- so 
cuit incidence was extremely deaeased to about one- 
tenth or less of the prior art. Besides, inaease of leak- 
age cun^ent was not detected. 

As the gas used in plasma irradiating, aside from 
the CP* above, it is preferred* to use CHF^. NF^ XeF^ 55 
and SF*. and mixture of at least two of these gases. In 
particular. CF^ and NF^ gases are outstanding in the 
effects for preventing short circuit and suppressing 
increase of leakage current, and are hence preferred. 



The reason of suppression of occurrence of short 
drcurt or increase of leakage current by plasma irradiat- 
ing is not dearly explained yet At least, however, from 
the results of measurement of residual chlorine concen- 
tration shown in Fig. 3. the following may be said. In Fig. 
3. incidentaily. the residual chlorine concentration after 
plasma irradiating is expressed as a relative value in 
comparison with the residual chlorine concentration 
right after dry-etching by etching gas containing chlo- 
rine. The residual chlorine concentration after plasma 
irradiating corresponds to tfie in-adiating conditions 
shown in the first embodiment The residual chlorine 
concentration after plasma irradiating is decreased to 
about one-third of the residual chlorine concentration 
right after dry-etching. 

At the time of dry-etching by using etching gas con- 
taining chlorine, as shown in Fig. 1(a). deconposition 
products such as chlorine atoms, ions and radicals 
fonned by decomposition of the etching gas by dis- 
charge are massively deposited on the side walls 6 of 
the platinum top electrode film 3 and the dielectric film 2. 
and on the surface 7 of the platinum bottom elecfrode 
film 1 exposed by etching. Consequentiy. when the 
plasma generated by discharging the gas containing flu- 
orine is irradiated, as shown in Fig. 1(b). the decorrpo- 
sition products are replaced by fluorine. In this case, 
since the chlorine is not strongly bonded with the plati- 
num or dielectric on the side wall 6. the chlorine may be 
easily removed by irradiating an active fluorine plasma. 
Then, as shown in Fig. 1 (c). the side wall 6 and the sur- 
face of the platinum bottom electrode film 1 are covered 
with fluorine. 

The role of the fluorine is not clarified, tt is consid- 
ered, among others, that the fluorine hardly reacts witii 
moisture and hardly generates hydrofluoric acid, or 
hardly reacts with oxide dielectric, or reacts with oxide 
dielectric to form an inactive form on the surface which 
prevents reaction from propagating into the dielectric. 
Any way. the fluorine after plasma irradiating is consid- 
ered to play a role in prevention of occurrence of defect 
or degeneration in the side wall of the dielectric film. 

The second embodiment of the invention is 
described below by reference to Fig. 2(a) and Fig. 2(b). 
First, as shown in Fig. 2 (a), same as in the first embod- 
iment, the platinum top electrode film 3 and the dielec- 
tric film 2 are dry-etched. Next as shown in Rg. 2(b), 
holding In nitrogen atmosphere same as the atmos- 
pheric pressure, the substrate is heated for 60 seconds 
at a temperature of 180 *C. Afterwards, the platinum 
bottom electrode film 1 is selectively dry-etched, and 
the capacitor is formed into a specified shape. By this 
method of heating after dry-etching, too. neariy the 
same effects of preventton of occurrence of short circuit 
and suppression of inaease of leakage cun'ent as in the 
first embodiment were obtained. 

To obtain such prominent effects, it is preferred to 
heat at a temperature range from 150 *C to a tempera- 
ture not to cause substantial change in the characteris- 
tics of the semiconductor device. More specifically, in an 
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inert atmosphere, it is preferred to heat at a tenperature 
between 150 *C arKl 450 *C. As heating atmosphere, 
aside from the nitrogen gas. argon gas. helrum gas or 
other inert gas may be used, or it may be also done in 
vacuum. 

The reason of effect caused by heating is estimated 
as follows from the results of measurement of residual 
chlorine concentration shown in Rg. 3. The residual 
chlorine concentration after heating process shown in 
Fig. 3 corresponds to the case of heating conditions io 
shown in the second embodiment The residual chlorine 
concentration after heating process is deaeased to 
about one-third as compared with the residual chlorine 
concentration right after dry-etching. 

As shown in Fig. 2(b). massive deposits of chlorine is 
atoms, ions or radicals on the side wall 6 or surface 7 of 
the platinum bottom electrode film 1 are easily detached 
by giving thermal energy to the substrate 4 because the 
chlorine is not strongly bonded with the platinum or die- 
lectric on the side wall 6. Accordingly, the residual chio- 20 
rine which reacts with moisture to produce hydrochloric 
acid is extremely deaeased. Therefore, defect or 
degeneration of the , dielectric film 2 hardly occurs, 
thereby suppressing formation of short circuit and 
increase of leakage current. 25 

The invention is not limited to the illustrated embod- 
iments alone, but may be modified in various forms. For 
example, in the foregoing embodiments, gas containing 
chlorine is used as etching gas. but the same effects as 
in the embodiments are obtained by using etching gas 30 
containing bromine or iodine. Instead of chlorine, or 
etching gas containing two or more of chlorine, bromine 
and iodine. Therefore, all modified examples existing in 
the true spirit and scope of the invention are included in 
the scope of the claims. 35 

Claims 

1 . A method of manufacturing a semioonductor device 
comprising: 40 

a step of forming a platinum bottom elec- 
trode film, a dielectric film composed of a high per- 
mittivity dielectric material or a ferroelectric 
* material, and a platinum top electrode f 8m on a sub- 
strate on which circuit elements and wiring are 4$ 
formed; 

a step of dry-etching selectively said plati- 
num top electrode film and said dielectric film by 
using etching gas containing at least one of chlo- 
rine, bromine and iodine: 50 

a step of irradiating plasma generated by 
discharging gas containing fluorine after said step 
of dry-etcrtng: and 

a step of etching said platinum bottom elec- 
trode film. 55 

2. The niethod of daim 1. wherein said step of irradi- 
ating plasma is to replace decomposition products 
of said etchi ng gas depositing on a side wan of said 



platinum top electrode film and said dielectric fim 
and on a surface of said platinum tx)ttom electrode 
film exposed by said step of dry-etching, with fluo- 
rine. * 

3. The method of claim 1 , wherein said gas containing 
fluorine is at least one of cartoon tetraf luoride, meth- 
ane trifluoride. nitrogen trifluoride. xenon fluoride 
and sulfur hexafluoride. 

4. A method of manufacturir>g a SOTiconductor device 
comprising: 

a step of forming a platinum bottom elec- 
trode film, a dielectric film composed of a high per- 
mittrvrty dielectric material or a ferroelectric 
material, and a platinum top electrode film on a sub- 
strate on which circuit elements and wiring are 
formed; 

a step of dry-etching selectively said plati- 
num top electrode film and said dielectric f«m by 
using etching gas containing at least one of chlo- 
rine, bromine and iodine; 

a step of heating said sti)strjate after said 
step of dry-etching ; and 

a step of etching said platinum bottom elec- 
trode film. 

5. The method of daim 4, wherein said heating step is 
done in a temperature range from 150'C to a tem- 
perature not causing substantial change in the 
characteristics of said semiconductor device. 

6. The method of claim 4. wherein said heating step is 
done in a temperature range from 150 •C to 450 •C. 

7. The method of claim 4. wherein said heating step is 
done in an inert gas atmosphere or in vacuum. 
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FIG. 1(a) 




FIG. 1(c) 
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FIG. 2(a) 



FIG. 2(b) 
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FIG. 4(a) 
PRIOR ART 



FIG. 4(b) 
PRIOR ART 



FIG. 4(c) 
PRIOR ART 



FIG. 4(d) 
PRIOR ART 
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